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Abstract 

Starting from the M = 1 SU(N C ) x SU(N' C ) gauge theory with fundamental and bifun- 
damental flavors, we apply the Seiberg dual to the first gauge group and obtain the Af = 1 
dual gauge theory with dual matters including the gauge singlets. By analyzing the F-term 
equations of the superpotential, we describe the intersecting type IIA brane configuration for 
the meta-stable nonsupersymmetric vacua of this gauge theory. By introducing an orientifold 
6-plane, we generalize to the case for Af = 1 SU (N c ) x SO(N' c ) gauge theory with fundamental 
and bifundamental flavors. Finally, the Af = 1 SU(N C ) x Sp(N' c ) gauge theory with matters 
is also described very briefly. 



1 Introduction 



It is well-known that the M = 1 SU(N C ) QCD with fundamental flavors has a vanishing 
superpotential before we deform this theory by mass term for quarks. The vanishing su- 
perpotential in the electric theory makes it easier to analyze its nonvanishing dual magnetic 
superpotential. Sometimes by tuning the various rotation angles between NS5-branes and 
D6-branes appropriately, even if the electric theory has nonvanishing superpotential, one can 
make the nonzero superpotential to vanish in the electric theory. Two procedures, deforming 
the electric gauge theory by adding the mass for the quarks and taking the Seiberg dual 
magnetic theory from the electric theory, are crucial to find out meta-stable supersymmetry 
breaking vacua in the context of dynamical supersymmetry breaking |U Some models 
of dynamical supersymmetry breaking can be studied by gauging the subgroup of the flavor 
symmetry group by either field theory analysis or using the brane configuration 0. 

In this paper, starting from the known M = 1 supersymmetric electric gauge theories, we 
construct the Af = 1 supersymmetric magnetic gauge theories by brane motion and linking 
number counting. The dual gauge group appears only on the first gauge group. Based on 
their particular limits of corresponding magnetic brane configurations in the sense that their 
electric theories do not have any superpotentials except the mass deformations for the quarks, 
we describe the intersecting brane configurations of type IIA string theory for the meta-stable 
nonsupersymmetric vacua of these gauge theories. 

We focus on the cases where the whole gauge group is given by a product of two gauge 
groups. One example can be realized by three NS5-branes with D4- and D6-branes, and the 
other by four NS5-branes with D4- and D6-branes. For the latter, the appropriate orientifold 
6-plane should be located at the center of this brane configuration in order to have two gauge 
groups. Of course, it is also possible, without changing the number of gauge groups, to have 
the brane configuration consisting of five NS5-branes and orientifold 6-plane, at which the 
extra NS5-brane is located, with D4- and D6-branes, but we'll not do this particular case in 
this paper. 

In section 2, we review the type IIA brane configuration that contains three NS5-branes, 
corresponding to the electric theory based on the Af = 1 SU(N C ) x SU(N' C ) gauge theory 
[U El E] with matter contents and deform this theory by adding the mass term for the quarks. 
Then we construct the Seiberg dual magnetic theory which is Af = 1 SU(N C ) x SU(N' C ) gauge 
theory with corresponding dual matters as well as various gauge singlets, by brane motion 
and linking number counting. We do not touch the part of second gauge group SU(N' C ) in 

1 For the type IIA brane configuration description of J\f = 1 supersymmetric gauge theory, see the review 
paper [3J. 
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this dual process. 

In section 3, we consider the nonsupersymmetric meta-stable minimum by looking at 
the magnetic brane configuration we obtained in section 2 and present the corresponding 
intersecting brane configuration of type IIA string theory, along the line of El El QUI EH] (see 
also [T2 | fl~3 | [14"] ) and we describe M-theory lift of this supersymmetry breaking type IIA brane 
configuration. 

In section 4, we describe the type IIA brane configuration that contains four NS5-branes, 
corresponding to the electric theory based on the Af = I SU(N C ) x SO(N' c ) gauge theory 
[15] with matter contents and deform this theory by adding the mass term for the quarks. 
Then we take the Seiberg dual magnetic theory which is Af = 1 SU(N C ) x SO(N' c ) gauge 
theory with corresponding dual matters as well as various gauge singlets, by brane motion 
and linking number counting. The part of second gauge group SO(N' c ) in this dual process is 
not changed under this process. 

In section 5, the nonsupersymmetric meta-stable minimum by looking at the magnetic 
brane configuration we obtained in section 4 is constructed and we present the corresponding 
intersecting brane configuration of type IIA string theory and describe M-theory lift of this 
supersymmetry breaking type IIA brane configuration, as we did in section 3. 

In section 6, we describe the similar application to the Af = 1 SU(N C ) x Sp(N' c ) gauge 
theory [15] briefly and make some comments for the future directions. 

2 The J\f = 1 supersymmetric brane configuration of 

SU(N C ) x SU{N' C ) gauge theory 

After reviewing the type IIA brane configuration corresponding to the electric theory based 
on the Af = 1 SU(N C ) x SU(N' C ) gauge theory [UEEE], we construct the Seiberg dual magnetic 
theory which is Af = 1 SU(N C ) x SU(N' C ) gauge theory. 

2.1 Electric theory with SU(N C ) x SU(N' C ) gauge group 

The gauge group is given by SU(N C ) x SU(N' C ) and the matter contents [U [6] are given by 

• Nf chiral multiplets Q are in the fundamental representation under the SU(N C ), Nf 
chiral multiplets Q are in the antifundamental representation under the SU (N c ) and then Q 
are in the representation (N c , 1) while Q are in the representation (N c , 1) under the gauge 
group 

• N'j chiral multiplets Q' are in the fundamental representation under the SU(N' C ), N* 
chiral multiplets Q' are in the antifundamental representation under the SU(N' C ) and then Q' 
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are in the representation (1,N' C ) while Q' are in the representation (1,N(.) under the gauge 
group 

• The flavor singlet field X is in the bifundamental representation (N C ,N' C ) under the 
gauge group and its complex conjugate field X is in the bifundamental representation (N c , N' c ) 
under the gauge group 

In the electric theory, since there exist Nf quarks Q, Nf quarks Q, one bifundamental 
field X which will give rise to the contribution of N' c and its complex conjugate X which will 
give rise to the contribution of N' c , the coefficient of the beta function of the first gauge group 
factor is 

bsu(N c) = 3N C -N f -N' c 

and similarly since there exist N'f quarks Q' , N'f quarks Q', one bifundamental field X which 
will give rise to the contribution of N c and its complex conjugate X which will give rise to 
the contribution of N c , the coefficient of the beta function of the second gauge group factor is 

bsuw) = 3K -N' f - N c . 

The anomaly free global symmetry is given by [SU(Nf) x SU(N'f)} 2 x U(l) 3 x U(1) R 
jH El E] and let us denote the strong coupling scales for SU(N C ) as Ai and for SU(N' C ) as A 2 . 
The theory is asymptotically free when bsu{N c ) = 3AT C — Nf — N' c > for the SU(N C ) gauge 
theory and when bsu{N^) = 3A^ — N'f — N c > for the SU(N' C ) gauge theory 

The type IIA brane configuration for this theory can be described by N c color D4-branes 
(01236) suspended between a middle NS5-brane (012345) and the right NS5'-brane (012389) 
(denoted by A^S^-brane) along x 6 direction, together with Nf D6-branes (0123789) which are 
parallel to NS5' R - brane and have nonzero (45) directions. Moreover, an extra left NS5 '-brane 
(denoted by AfSV^-brane) is located at the left hand side of a middle NS5-brane along the 
x 6 direction and there exist N' c color D4-branes suspended between them, with N'f D6-branes 
which have zero (45) directions. These are shown in Figure 1 explicitly. See also [3] for the 
brane configuration. 

By realizing that the two outer NS5' L R -branes are perpendicular to a middle NS5-brane 
and the fact that Nf D6-branes are parallel to A^S'^-brane and N'f D6-branes are parallel 
to A^S^-brane, the classical superpotential vanishes. However, one can deform this theory. 
Then the classical superpotential by deforming this theory by adding the mass term for the 
quarks Q and Q, along the lines of pfl [Hi [101 El El Ej, is given by 

W = mQQ (2.1) 
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and this type IIA brane configuration can be summarized as follows □: 

• One middle NS5-brane with worldvolume (012345). 

• Two NS5'-branes with worldvolume (012389). 

• Nf D6-branes with worldvolume (0123789) located at the positive region in v direction. 

• N c color D4-branes with worldvolume (01236). These are suspended between a middle 
NS5-brane and NS5' R -bra.ne. 

• N' c color D4-branes with worldvolume (01236). These are suspended between NS5' L - 
brane and a middle NS5-brane. 

Now we draw this electric brane configuration in Figure 1 and we put the coincident Nf 
D6-branes in the nonzero v direction. If we ignore the left NS5' L -br&ne, N' c D4-branes and 
N'j D6-branes, then this brane configuration corresponds to the standard M = 1 SQCD with 
the gauge group SU(N C ) with Nf massive flavors. The electric quarks Q and Q correspond 
to strings stretching between the N c color D4-branes with Nf D6-branes, the electric quarks 
Q' and Q' correspond to strings between the N' c color D4-branes with Nf D6-branes and the 
bifundamentals X and X correspond to strings stretching between the N c color D4-branes 
with N' c color D4-branes. 



Figure 1: The Af = 1 supersymmetric electric brane configuration of SU(N C ) x SU(N' C ) with 
Nf chiral multiplets Q, Nf chiral multiplets Q, Nf chiral multiplets Q', Nf chiral multiplets 

Q', the flavor singlet bifundamental field X and its complex conjugate bifundamental field X. 
The Nf D6-branes have nonzero v coordinates where v = m for equal massive case of quarks 
Q, Q while Q' and Q' are massless. 



2 We introduce two complex coordinates v = x 4 + ix 5 and w = x s + ix 9 for simplicity. 




Nr' D6 



NS5' 



NS5 
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2.2 Magnetic theory with SU(N C ) x SU(N' C ) gauge group 

One can consider dualizing one of the gauge groups regarding as the other gauge group as a 
spectator. One takes the Seiberg dual for the first gauge group factor SU (N c ) while remaining 
the second gauge group factor SU(N' C ) unchanged. Also we consider the case where Aj >> A 2 , 
in other words, the dualized group's dynamical scale is far above that of the other spectator 
group. 

Let us move a middle NS5-brane to the right all the way past the right iVS'5 / i? -brane. For 
example, see [12], [131 US El EHl El El [TJ. After this brane motion, one arrives at the Figure 2. 
Note that there exists a creation of Nf D4-branes connecting Nf D6-branes and AS^-brane. 
Recall that the Nf D6-branes are perpendicular to a middle NS5-brane in Figure 1. The 
linking number [16] of NS5-brane from Figure 2 is L 5 = ^ — N c . On the other hand, the 
linking number of NS5-brane from Figure 1 is L 5 = — + N c — N' c . Due to the connection of 
N' c D4-branes with AS^-brane, the presence of N' c in the linking number arises. From these 
two relations, one obtains the number of colors of dual magnetic theory 

A c — Nf + N' c — N c . (2.2) 

The linking number counting looks similar to the one in [7] where there exists a contribution 
from 04-plane. 

Let us draw this magnetic brane configuration in Figure 2 and recall that we put the 
coincident Nf D6-branes in the nonzero v directions in the electric theory, along the lines of 
[T2l fT3l [T4"l [TlT [TOl El El U\- The Nf created D4-branes connecting between D6-branes and 
A r S , 5 / R -brane can move freely in the w direction. Moreover since N' c D4-branes are suspending 
between two equal NS5' L R -branes located at different x 6 coordinate, these D4-branes can 
slide along the w direction also. If we ignore the left NS5' L -bra.ne, N' c D4-branes and Nf 
D6-branes(detaching these from Figure 2), then this brane configuration corresponds to the 
standard Af = 1 SQCD with the magnetic gauge group SU(N C = Nf — N c ) with Nf massive 

flavors pa nam!- 

The dual magnetic gauge group is given by SU(N C ) x SU(N' C ) and the matter contents 
are given by 

• Nf chiral multiplets q are in the fundamental representation under the SU(N C ), Nf 
chiral multiplets q are in the antifundamental representation under the SU (N c ) and then q 
are in the representation (N c , 1) while q are in the representation (N c , 1) under the gauge 
group 

• Nf chiral multiplets Q' are in the fundamental representation under the SU(N' C ), Nf 
chiral multiplets Q' are in the antifundamental representation under the SU (N f c ) and then Q' 
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NS5 

Figure 2: The Af = 1 supersymmetric magnetic brane configuration of SU(N C = Nf + N' c — 
N c ) x SU(N' C ) with iVy chiral multiplets q, Nf chiral multiplets q, N'f chiral multiplets Q', 

N'f chiral multiplets Q', the flavor singlet bifundamental field Y and its complex conjugate 

bifundamental field Y as well as Nf fields F', its complex conjugate Nf fields F', Nj fields 
M and the gauge singlet $. There exist Nf flavor D4-branes connecting D6-branes and 
A r S , 5' i? -brane. 

are in the representation (1,N' C ) while Q' are in the representation (1,N(.) under the gauge 
group 

• The flavor singlet field Y is in the bifundamental representation (N c , N(.) under the gauge 
group and its complex conjugate field Y is in the bifundamental representation (N c , N' c ) under 
the gauge group 

There are (Nf + N' c ) 2 gauge singlets in the first dual gauge group factor as follows: 

• iVy-fields F' are in the fundamental representation under the SU(N' C ), its complex con- 
jugate iV/-fields F' are in the antifundamental representation under the SU(N' C ) and then F' 
are in the representation (1,N^.) under the gauge group while F' are in the representation 
(1, N' c ) under the gauge group 

These additional Nf SU(N' C ) fundamentals and Nf SU(N' C ) antifundamentals are origi- 
nating from the SU(N C ) chiral mesons XQ and XQ respectively. It is clear to see that from 
the Figure 2, since the Nf D6-branes are parallel to the iVS^-brane, the newly created Nf 
D4-branes can slide along the plane consisting of these D6-branes and iVS'5 / R -brane arbitrar- 
ily. Then strings stretching between the Nf D6-branes and N' c D4-branes will give rise to 
these additional Nf SU(N' C ) fundamentals and Nf SU(N' C ) antifundamentals. 

• iVj-fields M are in the representation (1,1) under the gauge group 

This corresponds to the SU(N C ) chiral meson QQ and the fluctuations of the singlet M 
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correspond to the motion of Nf flavor D4-branes along (789) directions in Figure 2. 

• The A^ 2 -fields $ is in the representation (1, N^ 2 — 1) © (1, 1) under the gauge group 
This corresponds to the SU(N C ) chiral meson XX and note that X has a representation 

N' c of SU(N' C ) while X has a representation N' c of SU(N' C ). The fluctuations of the singlet 

$ correspond to the motion of N' c D4-branes suspended two NS5' L R -branes along the (789) 

directions in Figure 2. 

In the dual theory, since there exist Nf quarks q, Nf quarks q, one bifundamental field Y 
which will give rise to the contribution of N' c and its complex conjugate Y which will give rise 
to the contribution of N' c , the coefficient of the beta function for the first gauge group factor 
[6] is 

h ™um = 3 ^ ~ N f - N' c = 2N f + 2N' C - 3N C 

where we inserted the number of colors given in (I2.2p in the second equality and since there 
exist N'j quarks Q', Nf quarks Q', one bifundamental field Y which will give rise to the 
contribution of N c , its complex conjugate Y which will give rise to the contribution of N c , Nf 
fields F', its complex conjugate Nf fields F 1 and the singlet $ which will give rise to A^, the 
coefficient of the beta function of second gauge group factor j6] is 

h mN>) = -N' f -N c -N f -N' C = N' C + N c ~ 2N f - Nf. 

Therefore, both SU (N c ) and SU (N' c ) gauge couplings are IR free by requiring the negativeness 
of the coefficients of beta function. One can rely on the perturbative calculations at low energy 
for this magnetic IR free region b™^ 9 ~ ^ < and b™^ N ,^ < 0. Note that the SU(N' C ) fields in 
the magnetic theory are different from those of the electric theory. Since bsu(NQ — ^sc^w) ^ ^> 
SU(N' C ) is more asymptotically free than SU(N' c ) ma9 |6j. Neglecting the SU(N' C ) dynamics, 
the magnetic SU{N C ) is IR free when N f + N' c < §N C [6]. 

The dual magnetic superpotential, by adding the mass term (12. ip for Q and Q in the 
electric theory which is equal to put a linear term in M in the dual magnetic theory, is given 
by 

W dua i = (Mqq + YF'q + YqF< + + mM (2.3) 

where the mesons in terms of the fields defined in the electric theory are 

M = QQ, $ = XX, F' = XQ, If' = XQ. 

By orientifolding procedure(04-plane) into this brane configuration, the q(Q) and q(Q) are 
equivalent to each other, the Y(X) and Y(X) become identical and F' and F' become the 
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same. Then the reduced superpotential is identical with the one in [7]. Here q and q are fun- 
damental and antifundamental for the gauge group index respectively and antifundamentals 
for the flavor index. Then, qq has rank N c while m has a rank Nf. Therefore, the F-term 
condition, the derivative the superpotential Wduai with respect to M, cannot be satisfied if 
the rank Nf exceeds N c . This is so-called rank condition and the supersymmetry is broken. 
Other F-term equations are satisfied by taking the vacuum expectation values of Y, Y, F' and 
F 1 to vanish. 

The classical moduli space of vacua can be obtained from F-term equations 

qq + m = 0, qM + F r 'Y = 0, 
Mq + YF' = 0, F'q + Y$ = 0, 
qY = 0, ^ + ^ = 0, 
Yq = 0, YY = 0. 

Then, it is easy to see that there exist three reduced equations 

qM = = Mq, qq + m = 

and other F-term equations are satisfied if one takes the zero vacuum expectation values for 
the fields Y, Y, F' and F'. Then the solutions can be written as follows: 

< ? > = ),<?>=( ^->l ft 0),<M>^(° %1 l s ) 

< Y > = <Y >=< F' >=< F' >= 0. (2.4) 

Let us expand around a point on (12.41) . as done in pQ. Then the remaining relevant terms of 
superpotential are given by 

w duai = $ o (5<P 5fi + m) + 5Z 5ip % + SZ q 5fi 
by following the same fluctuations for the various fields as in [9]: 



M 



SY SZ 
5Z $ l Nf _ Sc 



as well as the fluctuations of Y, Y, F' and F'. Note that there exist also three kinds of terms, 
the vacuum < q > multiplied by 8Y5F', the vacuum < q > multiplied by SF'SY, and the 
vacuum < $ > multiplied by 5Y5Y. However, by redefining these, they do not enter the 
contributions for the one loop result, up to quadratic order. As done in [TTJ, one gets that 
m% will contain (log 4 — 1) > implying that these are stable. 
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3 Nonsupersymmetric meta-stable brane configuration 

of SU{N C ) x SU(N' C ) gauge theory 



Now we recombine N c D4-branes among Nf flavor D4-branes connecting between D6-branes 
and NS '5'^-brane with those connecting between iVS^-brane and NS5-brane and push them 
in +v direction from Figure 2. After this procedure, there are no color D4-branes between 
iVS^-brane and NS5-brane. For the flavor D4-branes, we are left with only (TV/ — N c ) flavor 
D4-branes. 

Then the minimal energy supersymmetry breaking brane configuration is shown in Figure 
3, along the lines of [121 H31 HH HH UHl El [7] . If we ignore the left /VS5' L -brane, N' c D4- 
branes and Nf D6-branes(detaching these from Figure 3), as observed already, then this brane 
configuration corresponds to the minimal energy supersymmetry breaking brane configuration 
for the M = 1 SQCD with the magnetic gauge group SU(N C = Nf — N c ) with Nf massive 
flavors [El UM M- 



Nf D6 J? NcD4 




NS5 

Figure 3: The nonsupersymmetric minimal energy brane configuration of SU(N C = Nf + 
N' c — N c ) x SU(N' C ) with Nf chiral multiplets q, Nf chiral multiplets q, Nf chiral multiplets 

Q', Nf chiral multiplets Q', the flavor singlet bifundamental field Y and its complex conjugate 

bifundamental field Y and various gauge singlets. 

The type IIA/M-theory brane construction for the M = 2 gauge theory was described 
by [IS] and after lifting the type IIA description to M-theory, the corresponding magnetic 
M5-brane configuration |f| with equal mass for the quarks where the gauge group is given by 

3 The M5-brane lives in (0123) directions and is wrapping on a Riemann surface inside (4568910) directions. 
The Taub-NUT space in (45610) directions is parametrized by two complex variables v and y and the flat two 
dimensions in (89) directions by a complex variable w. See [14) for the relevant discussions. 
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SU(N c )xSU(N' c ), in a background space of xt = v N f Y\^Li{v — e&) where this four dimensional 
space replaces (45610) directions, is described by 

e + + ■ ■ ■ )t 2 + (v N * + ■ ■ ■ )t + v N f l[(v -e k )=0 (3.1) 

k=l 

where is the position of the D6-branes in the v direction(for equal massive case, we can 
write e/c = m) and we have ignored the lower power terms in v in t 2 and t denoted by ■ • • and 
the scales for the gauge groups in front of the first term and the last term, for simplicity. For 
fixed x, the coordinate t corresponds to y. 

From this curve ( 13. II) of cubic equation for t above, the asymptotic regions for three NS5- 
branes can be classified by looking at the first two terms providing NS5-brane asymptotic 
region, next two terms providing iVS^-brane asymptotic region and the final two terms 
giving 7VS'5 / L -brane asymptotic region as follows 

1. v — > oo limit implies 

w — > 0, y ~ v c + ■ ■ ■ NS asymptotic region. 

2. w — > oo limit implies 

v — > m, y ~ w Nf+N f~ Nc + • • • NS' L asymptotic region, 
v — > m, y ~ w Nc ~ Nc + ■ ■ ■ NS' R asymptotic region. 

Here the two NS5' L ^-branes are moving in the +v direction holding everything else fixed 
instead of moving D6-branes in the +v direction, in the spirit of [H] . The harmonic function 
sourced by the D6-branes can be written explicitly by summing over two contributions from 
the Nf and Nf D6-branes and similar analysis to both solve the differential equation and 
find out the nonholomorphic curve can be done [HI [101 El [HI E] - An instability from a new 
M5-brane mode arises. 

4 The J\f = 1 supersymmetric brane configuration of 

SU(N C ) x SO(N' c ) gauge theory 

After reviewing the type IIA brane configuration corresponding to the electric theory based 
on the Af = 1 SU(N C ) x SO(N' c ) gauge theory [T5], we describe the Seiberg dual magnetic 
theory which is N = 1 SU(N C ) x SO(N' c ) gauge theory. 
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4.1 Electric theory with SU(N C ) x SO(N' c ) gauge group 

The gauge group is given by SU(N C ) x SO(N' c ) and the matter contents [15] (similar matter 
contents are found in [I]) are given by 

• Nf chiral multiplets Q are in the fundamental representation under the SU(N C ), Nf 
chiral multiplets Q are in the antifundamental representation under the SU (N c ) and then Q 
are in the representation (N c , 1) while Q are in the representation (N c , 1) under the gauge 
group 

• 2Nf chiral multiplets Q' are in the fundamental representation under the SO(N' c ) and 
then Q' are in the representation (1, N' c ) under the gauge group 

• The flavor singlet field X is in the bifundamental representation (N C ,N' C ) under the 
gauge group and the flavor singlet X is in the bifundamental representation (N c , N' c ) under 
the gauge group 

In the electric theory, since there exist Nf quarks Q, Nf quarks Q, one bifundamental 
field X which will give rise to the contribution of N' c and its complex conjugate X which will 
give rise to the contribution of N' c , the coefficient of the beta function of the first gauge group 
factor is 

bsu(N c ) = SN C -N f -N' c 

and similarly, since there exist 2N'f quarks Q', one bifundamental field X which will give rise 
to the contribution of N c and its complex conjugate X which will give rise to the contribution 
of N c , the coefficient of the beta function of the second gauge group factor is 

bsaw) = 3(K - 2) - 2N' f - 2N C . 

The anomaly free global symmetry is given by SU(Nf) 2 x SU(2N'f) x U(l) 2 x U(1)r and 
let us denote the strong coupling scales for SU (N c ) as Ai and for SO(N' c ) as A 2 , as in previous 
section. The theory is asymptotically free when bsu{N c ) > for the SU(N C ) gauge theory and 
when bso(N' c ) > for the SO(N' c ) gauge theory. 

The type IIA brane configuration of Af = 2 gauge theory [19] consists of four NS5-branes 
(012345) which have different x 6 values, N c and D4-branes (01236) suspended between 
them, 2A^ and 2A} D6-branes (0123789) and an orientifold 6 plane (0123789) of positive 
Ramond charge @. According to Z 2 symmetry of orientifold 6-plane(06-plane) sitting at 
v — and x 6 = 0, the coordinates (x 4 ,x 5 ,x 6 ) transform as — (x 4 , x 5 , x 6 ), as usual. See also 
[3] for the discussion of 06-plane. 

4 There are many different brane configurations with 06-plane in the literature and some of them are 
present in [HI [HJ El [23 HI • 
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By rotating the third and fourth NS5-branes which are located at the right hand side of 
06-plane, from v direction toward — w and +w directions respectively, one obtains TV = 1 
theory. Their mirrors, the first and second NS5-branes which are located at the left hand 
side of 06-plane, can be rotated in a Z 2 symmetric manner due to the presence of 06-plane 
simultaneously. That is, if the first NS5-brane rotates by an angle — u in (v, w) plane, denoted 
by iViSS-^-brane [3], then the mirror image of this NS5-brane, the fourth NS5-brane, is rotated 
by an angle u in the same plane, denoted by iVS'5 CJ -brane. If the second NS5-brane rotates 
by an angle 9 in (v,w) plane, denoted by NSbe-brane [3], then the mirror image of this 
NS5-brane, the third NS5-brane, is rotated by an angle —9 in the same plane, denoted by 
A^S'5_0-brane. For more details, see the Figure 4 §. 

We also rotate the N'j D6-branes which are located between the second NS5-brane and 
an 06-plane and make them be parallel to iVS'Sfl-brane and denote them as -D6e-brane with 
zero v coordinate (the angle between the unrotated D6-branes and -D6g-branes is equal to 
| — 9) and its mirrors Nf D6-branes appear as D6_6»-branes between the 06-plane and third 
NS5-brane. There is no coupling between the adjoint field and the quarks since the rotated 
D6e-branes are parallel to the rotated iVS^-brane [HIE]. Similarly, the Nf D6-branes which 
are located between the third NS5-brane and the fourth NS5-brane can be rotated and we 
can make them be parallel to iVS^-brane and denote them as .06^-branes with nonzero v 
coordinate (the angle between the unrotated D6-branes and D6 LlJ -branes is equal to | — u) and 
its mirrors Nf D6-branes appear as D6_ t<; -branes between the first NS5-brane and the second 
NS5-brane. 

Moreover the N c D4-branes are suspended between the first NS5-brane and the second 
NS5-brane(and its mirrors) and the N' c D4-branes are suspended between the second NS5- 
brane and the third NS5-brane. 

For this brane setup the classical superpotential is given by [12] 



+ 



4tan(a;-0) tan 20 



tiiXXY H 1 i —L (4.1) 

v ; 4 sin 29 4N C taa(w - 9) V 1 



It is easy to see that when 9 approaches and u approaches |, then this superpotential 
vanishes. 



5 The angles of Q\ and 82 in [15] are related to the angles 9 and w as follows: 9 = Q\ and lo = Q 2 - 
6 For arbitrary angles 9 and w, the superpotential for the SU(N C ) sector is given by W — XtfiX + tan(w — 
9)tT<j) 2 where <j> ia an adjoint field for SU(N C ). There is no coupling between <fi and Nf quarks because 
D6± w -branes are parallel to 7VS'5± w -branes. The superpotential for the SO(N[,) sector is given by W = 
X(j)AX + Xcf>sX + tan#tr<^ — -r-^-s tr0| where 4>A and 4>s are an adjoint field and a symmetric tensor for 
SO(N' c ) [5S]. After integrating out </>, 4>a and 4>s, the whole superpotential can be written as in (|4.ip . 
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Now one summarizes the supersymmetric electric brane configuration with their worldvol- 
umes in type IIA string theory as follows. 

• NS5_ u -bra,ne with worldvolume by both (0123) and two spatial dimensions in (v,w) 
plane and with negative x 6 . 

• NS5g-br&ne with worldvolume by both (0123) and two spatial dimensions in (v, w) plane 
and with negative x 6 . 

• NS5_Q-bra.ne with worldvolume by both (0123) and two spatial dimensions in (v,w) 
plane and with positive x 6 . 

• AS^-brane with worldvolume by both (0123) and two spatial dimensions in (v, w) plane 
and with positive x 6 . 

• Nj D6g-br&nes with worldvolume by both (01237) and two spatial dimensions in (v,w) 
plane and with negative x 6 and v — 0. 

• Nj D6_e-branes with worldvolume by both (01237) and two space dimensions in (v,w) 
plane and with positive x 6 and v — 0. 

• Nf D6 w -branes with worldvolume by both (01237) and two spatial dimensions in (v,w) 
plane and with positive x 6 . Before the rotation, the distance from N c color D4-branes in the 
+v direction is nonzero. 

• Nf D6_ w -branes with worldvolume by both (01237) and two space dimensions in (v,w) 
plane and with negative x 6 . Before the rotation, the distance from N c color D4-branes in the 
— v direction is nonzero. 

• 06-plane with worldvolume (0123789) with v = = x 6 . 

• N c D4-branes connecting ^S'S-^-brane and iVS , 5g-brane, with worldvolume (01236) with 
v = = w(a.nd its mirrors). 

• N' c D4-branes connecting A^ 1 S , 5e-brane and iVS'5_e-brane, with worldvolume (01236) with 
v — = w. 

We draw the type IIA electric brane configuration in Figure 4 which was basically given 
in [15] already but the only difference is to put Nf D6-branes in the nonzero v direction in 
order to obtain nonzero masses for the quarks which are necessary to obtain the meta-stable 
vacua. 

4.2 Magnetic theory with SU(N C ) x SO(N' c ) gauge group 

One takes the Seiberg dual for the first gauge group factor SU(N C ) while remaining the second 
gauge group factor SO(N' c ), as in previous case. Also we consider the case where Ai >> A 2 , 
in other words, the dualized group's dynamical scale is far above that of the other spectator 
group. 
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(8,9) 



Figure 4: The Af = 1 supersymmetric electric brane configuration of SU(N C ) x SO(N^) with 
Nf chiral multiplets Q, Nf chiral multiplets Q, 2Nj chiral multiplets Q', the flavor singlet 

bifundamental field X and its complex conjugate bifundamental field X. The Nf _D6 w -branes 
have nonzero v coordinates where v = m(and its mirrors) for equal massive case of quarks 
Q, Q while Q' is massless. 

Let us move the NS5-e-bra,ne to the right all the way past the right iV<S l 5< i ,-brane(and 
its mirrors to the left). After this brane motion, one arrives at the Figure 5. Note that 
there exists a creation of Nf D4-branes connecting Nf DG^-branes and A^S , 5 a; -brane(and its 
mirrors). Recall that the Nf .06^-branes are not parallel to the iV,S5_0-brane in Figure 4(and 
its mirrors). The linking number of N Sh ^e-hiaxie from Figure 5 is L 5 = ilt - AT C . On the 
other hand, the linking number of iVS'5_6)-brane from Figure 4 is L5 = — + N c — N' c . From 
these, one gets the number of colors in dual magnetic theory 

N c = N f + N' c - N c . (4.2) 

Let us draw this magnetic brane configuration in Figure 5 and remember that we put the 
coincident Nf /^6^-branes in the nonzero v directions(and its mirrors). The Nf created D4- 
branes connecting between D6 w -branes and A^S'S^-brane can move freely in the w direction, 
as in previous case. Moreover, since N' c D4-branes are suspending between two unequal 
iVS'S-i-^-branes located at different x 6 coordinate, these D4-branes cannot slide along the w 
direction, for arbitrary rotation angles. If we are detaching all the branes except iV^S^-brane, 
iVS'S-e-brane, -D6^-branes, Nf D4-branes and iV c D4-branes from Figure 5, then this brane 
configuration corresponds to Af = 1 SQCD with the magnetic gauge group SU(N C = Nf — N c ) 
with Nf massive flavors with tilted NS5-branes. 

The dual magnetic gauge group is given by SU(N C ) x SO(N' c ) and the matter contents 
are given by 
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Figure 5: The M = 1 supersymmetric magnetic brane configuration of SU(N C = Nf + N' c — 
N c ) x SO(N' c ) with Nf chiral multiplets q, Nf chiral multiplets q, 2N'f chiral multiplets Q ; , 

the flavor singlet bifundamental field Y and its complex conjugate bifundamental field Y as 
well as Nf fields F', its complex conjugate Nf fields F', Nj fields M and the gauge singlet 
There exist Nf flavor D4-branes connecting .06^-branes and iV>S5 w -brane(and its mirrors). 



• Nf chiral multiplets q are in the fundamental representation under the SU(N C ), Nf 
chiral multiplets q are in the antifundamental representation under the SU (N c ) and then q 
are in the representation (N c , 1) while q are in the representation (N c , 1) under the gauge 
group 

• 2Nf chiral multiplets Q' are in the fundamental representation under the SO(N' c ) and 
then Q' are in the representation (1, N' c ) under the gauge group 

• The flavor singlet field Y is in the bifundamental representation (N c , N' c ) under the gauge 
group and its complex conjugate field Y is in the bifundamental representation (N c , N' c ) under 
the gauge group 

There are (Nf + N' c ) 2 gauge singlets in the first dual gauge group factor as follows: 

• iVy-fields F' are in the fundamental representation under the SO(N' c ), ^-fields F' are 
in the fundamental representation under the SO(N' c ) and then F' are in the representation 
(1,N' C ) under the gauge group while F 1 are in the representation (1,N' C ) under the gauge 
group 

These additional 2Nf SO(N' c ) vectors are originating from the SU(N C ) chiral mesons XQ 
and XQ respectively. It is easy to see that from the Figure 5, since the DG-^-branes are par- 
allel to the NSb-uj-br&ne, the newly created Nf D4-branes can slide along the plane consisting 
of D6_ w -branes and iVS'5_ Cl ,-brane arbitrarily (and its mirrors). Then strings connecting the 
Nf D6_ w -branes and N' c D4-branes will give rise to these additional 2Nf SO(N' c ) vectors. 
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• A|-fields M are in the representation (1,1) under the gauge group 

This corresponds to the SU(N C ) chiral meson QQ and the fluctuations of the singlet M 
correspond to the motion of Nf flavor D4-branes along (789) directions in Figure 5. 

• The N' c 2 singlet $ is in the representation (1, adj) © (1, symm) under the gauge group 
This corresponds to the SU(N C ) chiral meson XX and note that both X and X have 

representation N' c of SO(N' c ). In general, the fluctuations of the singlet <3? correspond to the 
motion of N' c D4-branes suspended two A^S^-t^-branes along the (789) directions in Figure 5. 

In the dual theory, since there exist Nf quarks q, Nf quarks q, one bifundamental field Y 
which will give rise to the contribution of N' c and its complex conjugate Y which will give rise 
to the contribution of N' c , the coefficient of the beta function of the first gauge group factor 
with g2D is 

h 7u\N c ) = 3i ^ c -N f -N' c = 2N f + 2N' C - 3N C 

and since there exist 2N'f quarks Q', one bifundamental field Y which will give rise to the 
contribution of N c , its complex conjugate Y which will give rise to the contribution of N c , Nf 
fields F', its complex conjugate Nf fields F' and the singlet $ which will give rise to N' c , the 
coefficient of the beta function is 

b™o\ N > c ) = HK - 2) - 2N' f - 2N C - 2N f - 2N' C = —N' c + 2N C - 4N f - 2N' f - 6. 

Therefore, both SU(N C ) and SO(N' c ) gauge couplings are IR free by requiring the negativeness 
of the coefficients of beta function. One can rely on the perturbative calculations at low energy 
for this magnetic IR free region b™° 9 ~ ^ < and b^^ N ,^ < 0. Note that the SO(N' c ) fields in 
the magnetic theory are different from those of the electric theory. Since bso(N' c ) — ^sofiv) ^ ^> 
SO(N' c ) is more asymptotically free than SO(N' c ) ma9 . Neglecting the SO(N' c ) dynamics, the 
magnetic SU(N C ) is IR free when Nf + N' c < \N C) as in previous case. 

The dual magnetic superpotential, by adding the mass term for Q and Q in the electric 
theory which is equal to put a linear term in M in the dual magnetic theory, is given by 



W, 



dual 



($ 2 + ■ ■■) + QW + Mqq + YF'q + YqF' + <5>YY + mM (4.3) 
where the mesons in terms of the fields defined in the electric theory are 
M = QQ, $ = XX, F' = XQ, T' = XQ. 



7 There appears a mismatch between the number of colors from field theory analysis and those from brane 
motion when we take the full dual process on the two gauge group factors simultaneously |15j . By adding 
AN'j D4-branes to the dual brane configuration without affecting the linking number counting, this mismatch 
can be removed. Similar phenomena occurred in 5, 26 . Then this turned out that there exists a deformation 
AW generated by the meson Q'XXQ'. This is exactly the second term, in (|4.3[) . In previous example, 

there is no such deformation term in (12.311. 
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We abbreviated all the relevant terms and coefficients appearing in the quartic superpotential 
for the bifundamentals in electric theory (14. ip and denote them here by $ 2 + • • • . Here 
q and q are fundamental and antifundamental for the gauge group index respectively and 
antifundamentals for the flavor index. Then, qq has rank N c and m has a rank Nf. Therefore, 
the F-term condition, the derivative the superpotential Wduai with respect to M, cannot be 
satisfied if the rank Nf exceeds N c and the supersymmetry is broken. Other F-term equations 
are satisfied by taking the vacuum expectation values of Y, Y, F', F' and Q' to vanish. 

The classical moduli space of vacua can be obtained from F-term equations and one gets 

qq + m = 0, qM + F'Y = 0, 
Mq + YT' = 0, Fq + Y® = 0, 
qY = 0, qF' + $F = 0, 
Yq = 0, Q'Q' + YY = 0, 
$Q' = 0. 

Then, it is easy to see that there exists a solution 

qM = = Mq, qq + m = 0. 

Other F-term equations are satisfied if one takes the zero vacuum expectation values for the 
fields Y, Y, F', Q' and F'. Then the solutions can be written as 

< 5 > = (^i*),< ? >= ( ^i,. o),<m>^(: 4ol vj 

< Y > = <Y >=< F' >=< F' >=< Q' >= 0. (4.4) 

Let us expand around a point on (14.41) . as done in pp. Then the remaining relevant terms of 
superpotential are given by 

W duai = $o {Sip 5p + m) + 5Z Sip q + 5Z q 5ip 

by following the similar fluctuations for the various fields as in [9] . Note that there exist also 
four kinds of terms, the vacuum < q > multiplied by 5Y5F', the vacuum < q > multiplied 
by SF'SY, the vacuum < $ > multiplied by 5Y5Y, and the vacuum < $ > multiplied by 
5Q'5Q' . However, by redefining these, they do not enter the contributions for the one loop 
result, up to quadratic order. As done in [T7j, one gets that m| Q will contain (log 4 — 1) > 
implying that these are stable. 
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5 Nonsupersymmetric meta-stable brane configuration 

of SU{N C ) x SO(N' c ) gauge theory 



Since the electric superpotential ( 14. ip vanishes for 9 = and u; = the corresponding 
magnetic superpotential in (14.31) does not contain the terms $ 2 + • ■ ■ and it becomes 

W dua i = (q'$Q' + Mqq + YF r 'q + YqF' + <S>YY^j + mM. 

Now we recombine N c D4-branes among Nf flavor D4-branes connecting between D$u=- — 
D6-branes and NS5 u =z = NS5' R -bra.ne with those connecting between NS5' R -bra.ne and 
NS5_g = o = A r S'5 j R-brane(and its mirrors) and push them in +v direction from Figure 5. Of 
course their mirrors will move to — v direction in a Z2 symmetric manner due to the 06 + -plane. 
After this procedure, there are no color D4-branes between iVS^-brane and iVS^-brane. 
For the flavor D4-branes, we are left with only (Nf — N c ) D4-branes(and its mirrors). 

Then the minimal energy supersymmetry breaking brane configuration is shown in Figure 
6. If we ignore all the branes except iVSV^-brane, iVS'5ft-brane, D6-branes, (Nf — N c ) D4- 
branes and N c D4-branes, as observed already, then this brane configuration corresponds 
to the minimal energy supersymmetry breaking brane configuration for the Af = 1 SQCD 
with the magnetic gauge group SU(N C ) with Nf massive flavors [T2], [13l [H]. Note that 
D4-branes can slide w direction for this brane configuration. 

The type IIA/M-theory brane construction for the M = 2 gauge theory was described by 
[19] and after lifting the type IIA description we explained so far to M-theory, the correspond- 
ing magnetic M5-brane configuration with equal mass for the quarks where the gauge group 
is given by SU(N C ) x SO(N' c ), in a background space of xt = (-l) N f +N 'f V 2N 'f +A Ukli(v 2 ~ 4) 
where this four dimensional space replaces (45610) directions, is characterized by 

t 4 +(v^ + + ( v "'c + ...)t> + ( v ^ + ...) t + v 2N 'f +4 l[(v 2 - e 2 k ) = 0. 

fe=i 

From this curve of quartic equation for t above, the asymptotic regions can be classified 
by looking at the first two terms providing A^S"5ij-brane asymptotic region, next two terms 
providing iVSV^-brane asymptotic region, next two terms providing iVS^-brane asymptotic 
region, and the final two terms giving iVS^-brane asymptotic region as follows: 

1. v — > 00 limit implies 

w — > 0, y ~ v c + ■ ■ ■ NS5r asymptotic region, 

w -> 0, y ~ v 2N f +2N 'f- Nc+4 + ■ ■ ■ NS5 L asymptotic region. 
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(8,9) 

Figure 6: The nonsupersymmetric minimal energy brane configuration of SU(N C — Nf + 
N' c — N c ) x SO(N' c ) with Nf chiral multiplets q, Nf chiral multiplets q, 2N' f chiral multiplets 

Q', the flavor singlet bifundamental field Y and its complex conjugate bifundamental field Y 
and gauge singlets. The D4-branes and 2(Nf — N c ) D4-branes can slide w direction freely 
in a Z2 symmetric way. 

2. w — > 00 limit implies 

v — > —m, y ~ w Nc ~ Nc + ■ ■ ■ NS5' L asymptotic region, 
v — > +m, y ~ w N °~ Nc + • • • NS5' R asymptotic region. 

Now the two NS5' L ^-branes are moving in the ±v direction holding everything else fixed 
instead of moving D6-branes in the ±v direction. Then the mirrors of D4-branes are moved 
appropriately. The harmonic function sourced by the D6-branes can be written explicitly by 
summing of three contributions from the Nf and N'j D6-branes(and its mirrors) plus an 06- 
plane, and similar analysis to solve the differential equation and find out the nonholomorphic 
curve can be done rjJJ [TUJ O El [7j. In this case also, we expect an instability from a new 
M5-brane mode. 

6 Discussions 

So far, we have dualized only the first gauge group factor in the gauge group SU (N c ) x SO(N' c ). 
What happens if we dualize the second gauge group factor 50(A^)?(For the case SU(N C ) x 
SU(N' C ), the behavior of dual for the second gauge group will be the same as when we take 
the dual for the first gauge group factor.) This can be done by moving the iVS^-brane and 
N* D6e-branes that can be located at the nonzero v coordinate for massive quarks Q', to 
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the right passing through 06-plane(and their mirrors to the left). According to the linking 
number counting, one obtains the dual gauge group SU (N c ) x SO(N' c = 2N C + 2N'j — N' c + 4). 
One can easily see that there is a creation of N* D4-branes connecting iVS^-brane and 
D6^-branes(and its mirrors). Then from the brane configuration, there exist the additional 
2N'j SU(N C ) quarks originating from the SO(N' c ) chiral mesons Q'X = F' and Q'X = F'. 
The deformed superpotential AW = Q'XXQ' can be interpreted as the mass term of F'F' . 
Then one can write dual magnetic superpotential in this case. However, it is not clear how 
the recombination of color and flavor D4-branes and splitting procedure between them in 
the construction of meta-stable vacua arises since there is no extra NS5-brane between two 
iVS'5±0-branes. If there exists an extra NS5-brane at the origin of our brane configuration(then 
the gauge group and matter contents will change), it would be possible to construct the 
corresponding meta-stable brane configuration. It would be interesting to study these more 
in the future. 

As already mentioned in [SJ and section 4, the matter contents in [4] are different from the 
ones in section 4 with the same gauge group. In other words, the theory of SU(N C ) x SO(N' c ) 
with X, which transform as fundamental in SU(N C ) and vector in SO(N' c ), a antisymmetric 
tensor A in SU(N C ), as well as fundamentals for SU(N C ) and vectors for SO(N' c ) can confine 
either SU(N C ) factor or SO(N' c ) factor. This theory can be described by the web of branes in 
the presence of 04~-plane and orbifold fixed points. With two NS5-branes and 04~-plane, by 
modding out Z 3 symmetry acting on (v,w) as (v,w) — ► (v exp(^p), u;exp(^p)), the resulting 
gauge group will be SU(N C ) x SO(N c +4:) with above matter contents [27]. Similar analysis for 
SU (N c ) x Sp(^f- — 2) gauge group with opposite 04 + -plane can be done. Then in this case, the 
matter in SU(N C ) will be a symmetric tensor S and other matter contents are present also. It 
would be interesting to see whether this gauge theory and corresponding brane configuration 
will provide a meta-stable vacuum. 

Let us comment on other possibility where the gauge group is given by SU(N C ) x Sp(N' c ) 
and the matter contents are given by 

• Nf chiral multiplets Q are in the fundamental representation under the SU(N C ), Nf 
chiral multiplets Q are in the antifundamental representation under the SU (N c ) and then Q 
are in the representation (N c , 1) while Q are in the representation (N c , 1) under the gauge 
group 

• 2Nj chiral multiplets Q' are in the fundamental representation under the Sp(N^) and 
then Q' are in the representation (1, 2N' C ) under the gauge group 

• The flavor singlet field X is in the bifundamental representation (N C ,2N' C ) under the 
gauge group and the flavor singlet X is in the bifundamental representation (N c , 2N^) under 
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the gauge group 

One can compute the coefficients of beta functions of the each gauge group factor, as we 
did for previous examples. 

The type IIA brane configuration of an electric theory is exactly the same as the Figure 
4 except the RR charge 06-plane with negative sign. The classical superpotential % is given 

by m 



W 



1 

+ 



4 |_4tan(u; - 9) tan26> 



tr(xx? tTXXXX i ( trXX ) 2 rer 

tT{XX) - 4 sin 29 + 4N c tM"-0y (eU ' 



In this case, when 9 approaches | and u approaches 0, then this superpotential vanishes. 

The dual magnetic gauge group is given by SU (N c — Nf + 2N' C — N c ) x Sp(N' c ) with the 
same number of colors of dual theory as those in previous cases and the matter contents are 
given by 

• Nf chiral multiplets q are in the fundamental representation under the SU(N C ), Nf 
chiral multiplets q are in the antifundamental representation under the SU (N c ) and then q 
are in the representation (N c , 1) while q are in the representation (N c , 1) under the gauge 
group 

• 2Nf chiral multiplets Q' are in the fundamental representation under the Sp(N' c ) and 
then Q' are in the representation (1, 2N^.) under the gauge group 

• The flavor singlet field Y is in the bifundamental representation (N c , 2N(.) under the 
gauge group and its complex conjugate field Y is in the bifundamental representation (N c , 2N' C ) 
under the gauge group 

There are (Nf + 2N' C ) 2 gauge singlets in the first dual gauge group factor 

• iV/-fields F' are in the fundamental representation under the Sp(N' c ), iV/-fields F' are 
in the fundamental representation under the Sp(N' c ) and then F' are in the representation 
(1, 2N' C ) under the gauge group while F' are in the representation (1, 2N^.) under the gauge 
group 

• iVj-fields M are in the representation (1,1) under the gauge group 

• The 4i\r 2 singlet $ is in the representation (l,adj) © (1, antisymm) under the gauge 
group 

The dual magnetic superpotential for arbitrary angles is given by ( 14. 3 ft with appropriate 
Sp(N^) invariant metric J. The stability analysis can be done similarly. 



8 The superpotential for the Sp(N' c ) sector is given by W — Xi^aX + X<psX + tan 9 tr (f> 2 s — -r-^-s tr <j? A where 
4>s and (J) a are an adjoint field (symmetric tensor) and an antisymmetric tensor for Sp(N[,) [25] . Note that 
there is a sign change in the second trace term of the superpotential in (j6.ip . compared to (|4.ip . 
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After following the procedure from Figure 4 to Figure 5 with opposite RR charge for 06- 
plane and by taking the limit where 6 — > | and uj — > 0, the minimal energy supersymmetry 
breaking brane configuration is shown in Figure 7. 



Nc D4 




(8,9) 

Figure 7: The nonsupersymmetric minimal energy brane configuration of SU(N C = Nf + 
2N' C — N c ) x Sp(N' c ) with Nf chiral multiplets q, Nf chiral multiplets q, 2N'f chiral multiplets 

Q', the flavor singlet bifundamental field Y and its complex conjugate bifundamental field Y 
and gauge singlets. Note the RR charge of 06-plane is negative and its charge is equivalent 
to —4 D6-branes. The 2N' C D4-branes and 2(Nf — N c ) D4-branes can slide w direction freely 
in a Z2 symmetric way. 

Compared to the previous nonsupersymmetric brane configuration in Figure 6, the role 
of NS5-brane and NS5'-brane is interchanged to each other: undoing the Seiberg dual in the 
context of |13j . This kind of feature of recombination and splitting between color D4-branes 
and flavor D4-branes occurs in |8J. At the electric brane configuration, Nf D6-branes are 
perpendicular to NS5-brane and this leads to the coupling between the quarks and adjoint 
in the superpotential. However, the overall coefficient function including this extra terms 
vanishes and eventually the whole electric superpotential will vanish according to the above 
limit we take. 

From the quartic equation with the presence of opposite RR charge for 06-plane, in a 
background space of xt = (-l) N f +N 'f V 2N 'r A lf k U{v 2 - e|), 

Nf 
k=l 

the asymptotic regions can be classified as follows: 
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1. v — > oo limit implies 

w — > 0, y ~ v N ' c ~ Nc . . . NS5r asymptotic region, 
w — > 0, 2/ ~ v Nc ~ Nc + ■ ■ ■ NS5l asymptotic region. 

2. w — > oo limit implies 

t> — > — m, 2/ ~ w 2Nf+2N f~ Nc ~ i + • • • NS5' L asymptotic region, 
v — > +m, ?/ ~ u?^ + • • • NS5' R asymptotic region. 

In [28], the SU (7) x S'p(l) model and SU(9) x Sp(2) model can be obtained by dualizing the 
SU(7) x SU(2) model with a bifundamental and two antifundamentals for SU(7) and a fun- 
damental for SU(2) and the SU(9) x SU(2) with a bifundamental and two antifundamentals 
for SU(9) and a fundamental for Sp(l) respectively(Note that Sp(l) ~ SU(2)). The matter 
contents in an electric theory are different from those in previous paragraph. The matter 
contents in the magnetic description are given by an antisymmetric tensor and a fundamen- 
tal in the first gauge group as well as a bifundamental, a fundamental in the second gauge 
group and two antifundamentals in the first gauge group. There exists a nonzero dual mag- 
netic superpotential. Also the dual description the SU(7) x Sp(l) model and SU{9) x Sp{2) 
model can be constructed from the antisymmetric models of Aflieck-Dine-Seiberg by gauging 
a maximal flavor symmetry and adding the extra matter to cancel all anomalies and extra 
flavor. 

On the other hand, the models SU{2N C + 1) x SU{2) have its brane box model descrip- 
tion in [29] where the above examples correspond to N c = 3 and N c — 4 respectively. In 
particular, the case where N c = l(the gauge group is SU(3) x SU(2), i.e., (3,2) model [30] ) 
was described by brane box model with superpotential or without superpotential. Then it 
would be interesting to obtain the Seiberg dual for these models using brane box model 
and look for the possibility of having meta-stable vacua for these models. Moreover, this 
gauge theory was generalized to SU(2N C + 1) x Sp(N' c ) model with a bifundamental and 
2N' C antifundamentals for SU(2N C + 1) and a fundamental for Sp(N' c ) and its dual descrip- 
tion SU(2N C + 1) x Sp(N' c = N c — N' c — 1) with a bifundamental and 2N' C antifundamentals 
for SU{2N C + 1) and a fundamental for Sp(N' c ) as well as two gauge singlets [28]. For the 
particular range of N c , the dual theory is IR free, not asymptotically free. 

According to [21], SU(2N C ) with antisymmetric tensor and antifundamentals can be de- 
scribed by two gauge groups Sp(2N c — 4) x SU(2N C ) with bifundamental and antifundamentals 
for SU(2N C ). Some of the brane realization with zero superpotential was given in the brane 
box model in [25] . Similarly from the result of [32] by following the method of [21], the dual 
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description for SU(2N C + 1) with antisymmetric tensor and fundamentals can be represented 
by two gauge group factors. This dual theory breaks the supersymmetry at the tree level. 
Similar discussions are present in [33]. Then it would be interesting to construct the corre- 
sponding Seigerg dual and see how the electric theory and its magnetic theory can be mapped 
into each other in the brane box model. 

Ther are also different directions concerning on the meta-stable vacua in different contexts 
and some of the relevant works are present in [34]- [43] where some of them use anti D-branes 
and some of them describe the type IIB theory and it would be interesting to find out how 
similarities if any appear and what are the differences in what sense between the present work 
and those works. 
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